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the United States Government.
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ABBREVIATIONS AND ACRONYMS

AGD
ATSDR
BBP
BMD
CASRN
CDC
CDR
CHAP
Cl
COu
CPHEA
CPSC
CRA
DBP
DCHP
DEHP
DEP
DHT
DI
DIBP
DIDP
DINP
DMP
DMR
DNEL
DPP
ECHA
ECRAD
EDS0
EFSA
EPA
ESD
EU
FDA
FHSA
GD
GS

HI

HQ

IC
INSL3
IRIS
LABC
LOAEL
LOEL
MBP
MEHP
MIE

Anogenitaldistance

Agency for Toxic Substances and Disease Registry
Butyl benz/l phthalate

Benchmarkdose

Chemical Abstracts Service Registry Number
U.S.Centers for Disease Control and Prevention
Chemical Data Reportin@Patabase)

Chronic Hazard Advisory Panel

Confidence interval

Condition ofuse

Center for Public Health and Environmental Assessment
U.S. Consumer Product Safety Commission
Cumulativerisk assessment

Dibutyl phthalate

Dicyclohexylphthalate
Di-ethylhexylphthalate

Diethyl phthdate

Dihydrotestosterone

Dietary intake

Di-isobutylphthalate

Di-isodecylphthalate

Di-isononylphthalate

Dimethyl phthalate

Discharge Monitoring Report

Derivedno effect level

Dipentyl phthalate

European Chemicals Agency

Existing ChemicaRisk Assessment Division
Effective dosdcausing a 5@ercentresponsg
European Food Safety Authority

U.S. Environmental Protection Agency
EmissionScenarioDocuments

European Union

U.S. Food and Drug Administration

Federal Hazardous Substances Act
Gestationatlay

Genericscenario

Hazard index

Hazard quotient

Index chemical

Insulinlike Growth factor3

Integrated Risk Infornteéon System
LevatorAni/bulbocavernosus
Lowestobservedadverseeffect-level
Lowestobserveeeffectlevel

Monobutyl phthalate

Mono-2-ethylhexyl phthalate
Molecularinitiating event
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Multinucleatedgonocyte

Mode ofaction

Margin ofexposure

National Academ of Science (how National Academies of Sciersz&ngineering, and
Medicine[NASEM])

National Health and Nutrition Evaluation Surveys

National Emissions Inventory

National Indugtal Chemicals Notification and Assessment Scheme
National Institute of Occupational Safety and Health: Health Hazard Evaluation
National Pollutant Discharge Elimination System

Nipple retention

National Research Coung¢itow NASEM)

National Toxicology Program

E P A Office of Chemical Safety and Pollution Prevention

Organisation for Economic Gaperation and Development

N T P Office of Health Assessment and Translation

E P A Office of Land and Emergency aagement

EPAG6 Of fice of Pesticide Programs
E P A Office of Pollution Prevention and Toxics

Occupationahon-user

E P A Office of Research and Development

OSHA CEHD Occupational Safety and Health Administration: Chenticgdosure Health Data

PESS
PND
PNW
POD
POTW
PPS
RCR
RCRA
RPF
RfV
SACC
SAR
SD
SDS
StAR
SV
D
TP
TR
TSCA
WWTP

Potentially exposedr susceptible subpopulations
Postnatatiay

Postnatalveek

Point of departure

Publicly ownedtreatmentvork
Preputialseparation

Risk characterization ratio

Resource Conservation and Recovery Act
Relativepotencyfactor

Reference Value

Science Advisory Committee on Chemicals
Structureactivity relationship
SpragueDawley (rats)

Safety Data Sheet
Steroidogeni@cuteregulatory protein
Seminalvesicle

Tolerable daily intake

Testicular pathology

Toxics Release Inventory

Toxic Substances Control Act
Wastevatertreatment plant
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EXECUTIVE SUMMARY

The U.S. Environmental Protection Agen&PA or the Agency)s currently conducting risk
evaluations for five phthalates designatetiigh-priority substancesinder the Toxic Substances

Control Act (TSCAY di-ethylhexyl phthalate (DEHP), butyl benzyl phthalate (BBP), dibutyl phthalate

(DBP), dtisobutylphthalate (DIBP), and dicyclohexyl phthalate (DCBIR)s well agwo phthalates
subject tomanufacturerrequestedisk evaluation di-isononyl phthalate (DINP) and-&iodecyl
phthalate (DIDP).

Phthalates are a group of ubiquit@mironmental chemicals that are used in many industrial and

consumer productincluding cosmetics, building and construction materials, and polyvinyl chloride
productsto make plastics more flexible and durable. Some phthalates are used in foodmatesdets

and have been measured in foStlidies investigating human exposure to phthalates have demonstrated
widespread exposure to some phthalates and that humans may beeotpessal to multiple phthalates

at the same time. Further, some phthalates baen shown to causemmon adverse effexbn the

developing male reproductive system, sometirésredt o as dApht hal ate syndr o

are coeexposed to some phthalatnd because some phthalates can cemsenon adverse effecbn
the developing male reproductive systeBERA believes that the best approachdsessisk to human
health may be to look at the combined risk to health from exposure to multiple phthalates.

As one of thdfirst stegs in the risk evaluation process, EPA pubdidithe final scopdocuments for the

seven phthalates between 2020 and 2021. During the public comment periodsifaftdeope
documents, EPA received comments from multiple stakeholders urging the Agaissgs@hthalates

for cumulative risk to hurn healthecauséaumans are cexposed to multiple phthalates and because

some phthalates can cause common adverse effeetsiext step in the risk evaluation process is to

conduct individual risk evaluations f&xeHP, BBP, DBP, DIBP, DCHP, DINP, andD®P, which will

characterize risk frorther conditions ofuse(COUs) E P A Office of Pollution Prevention and Toxics
(OPPT) has not yet conducted a cumulative risk assessf@&»#) under TSCA as itis still developing

the methods and approaches for condudiRg\ under TSCAMoreover, the results of the individua
phthalate risk evaluations are important inputs into the CRA and the development of indigidual
evaluations is still ongoing.

This draft document provides a description of a proposed apptoacinduct a CRA on the phthalates

butis notitself a CRAasno risk estimates are presentext has any work on risk evaluation been
completedThis draft documentlong with theDraft Propod Principles of Cumulative Risk
Assessmeninder the Toxic Substances Control Awereafter referred to d&3raft Proposed Principles
of CRA under TSCA will be released for public comments amdiewed by th&cience Advisory
Committee on Chemica(SACC) in 2023. EPA willthenuse tle peer review and publioput toguide
the developmentf the CRA for phthalatesAlthough EPAIs required talraftindividual risk
determinationgor eachindividual phthalate risk evaluation, the phthalate GRI not contain a risk

determination |l nstead, results from the CRA are ant.

determinations, pending completion of the CRA in parallel with inditighthalate risk evaluations.

TSCAdoes not egresslyrequire EPA to conduc€RAs.However, TSCA does requiteatEPA, when

conducting TSCA risk evaluations 8o 3.5years [15 U.S.C8 2605(b)(4)(G)],consider the reasonably

available informationconsistent withthe best available sciena@nd make decisions based on the
weight of scientific evidence [15 U.S.C. § 2625(h), (i), (EfPA is also required to conduct the risk

evaluations in consideratiaf potentially exposed or susceptible subpopulations (PESS) [15 U.S.C. §

2605(b)(4)] and, among other requirements
information on hazards and exposures for the conditions of use of the cheubg@ince, including
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information that i s r elBP&Xkracognizethatfosspreechemicat r i

sks

substances undergoing risk evaluatitbwe, best available science may indicate that the development of a

CRA is appropriate to ensuresat any risks to human health are adequately charactefiaetipport
CRA of chemical substances under TS@Ad as noted aboyEPA has developeatie Draft Proposed
Principles of CRAunder TSCA whichdescribes the proposed principles of CRAvakentially
conducted in support of TSCA risk evaluatiamsl relies heavily on longtanding EPA practice and
guidance documents for mixtures risk assessniértdraft principles documerys the foundation for
E P Agrgposedapproach for CRA othemicé substances undergoing risk evaluation under TSCA
section 6(b)

EPA has conducted a preliminary review of TextBoxESL.Summary of EPA
stakeholder comments received during the phthal Approach for CRA of High -Priority and
scoping process, previous phthalate CRAs Manufacturer -Requested Phthalates

conducted by other regulatory agencie€ CC/HC,
202Q EFSA, 2019NICNAS, 2015a2014ab; U.S. | EPA proposes to

CPSC, 2014NICNAS, 20132012 ECHA, 2013}, - GroupDEHP, BBP, DBP, DIBPDCHP and
and recommendations of the National Research DINP, but not DIDP for CRA under TSCA.
QounC|I(NRC) (m: Basedn partonthis , - Address phthalate syndrome by focusing on {
information, EPA believethat the best available most sensitive effect (versus addressing the
science indicates thaeveralphthalats undergoing syndrome as a whole)

risk evaluatiorshould beassessd for cumulative
risk to human healtirhis draft document describes
E P A raposed approach fassessg these high
priority and manufacturerequestegbhthalatesgor

- AssesDEHP, BBP, DBP, DIBP, DCHP and
DINP for cumulative risk to human health
under an assuption of dose addition.

cumulative risk to human health under TSQ&xt | - Use arelative potency factor approach for the

Box ES1 providesa highl e v e | s umma il phthalate CRA conducted in support of TSCA

proposed approadbr CRA. - Focus its CRA efforts oRESSsusceptible to
phthalate syndrome.¢., pregnant women,

Individual phthalate risk evaluatiomse required to women of reproductive age, male infants, ma

consider exposures frothe COUsof a single toddlers, male children).

phthalate and will includevaluation of all observed| - Consider exposures from TSCA COUs, as w4

hazards, consideration afl age groups and as nonrattributableand noRTSCA exposures

lifestages, andssessment of aggregate exposures _ Use a scenaribuilding approach to estimate

contrast, the scope and purpo$€RAs are more cumulative exposurir susceptible

focused on the shared toxicological propsraed populationsvho may also bavorkers,

relevant lifestages. In addition, cumulative exposu consumersandmembers of the general

assessment is mocemplicateddue tocombining population €.g.,fenceline communities)

exposures across multiple phthalates. - Use bomonitoring data wheavailable to

support exposure assessment.

EPA has developed a conceptual model to outlin
proposed approach for estimating cumulatisk to
phthdateswithin thecumulative chemicalgroup EPAG6s draft conceptual
Figure2-1 and described in Secti@) outlines10 proposed steps for conducting a phthalate CiRder
TSCA. A brief description and summary of the outcome of each step follows:

Step 1i n E Braftécenceptual model is to determine which higlpriority and manufacturer -
requested phthalates to include inthe cumulative chemical groupAs descr i Deafl i n
Proposed Principles of CRénder TSCAdocumeniand in SectiorB of this document), chemicals
included in a cumulative chemical group should be toxicologically similatrerd should be evidence
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457 of co-exposurdo the chemicalsver a relevant timeframe.g.,exposed to multiple phthalates during a
458 known sensitive lifestage)

459

460 To determine which higpriority and manufacturerequested phthalates are toxicologically similar,

461 EPA reviewed data for seven key outcomes associated with phthalate syntiednsedecreased fetal

462 testicular gene expression and testosterone production, decreased male pup anogenital distance,
463 nipple/areolae retention in male pups, hypospadias, seminiferous tubule atrophy, and multinucleated
464 gonocyte formation (Sectiords1.3.1to 3.1.3.7. These key outcomes were selected based énEPR

465 current understanding of phthalate syndrome and its underlying mode of action. Notably, many of the
466 key outcomes have also been selecteti@stttical effect (or caritical effect) in previous phthalate

467 CRAs (Table3-1). Based on the weight of eviden&RA proposeghat DEHP, BBP, DBP, DIBP,

468 DCHP, andDINP, but not DIDP, are toxicologically similar and induce effects on the developing male
469 reproductive system consistent with phthalate syndrome (Sé&cfioi Of note, theTSCA Work Plan

470 includes one additionahthalate {(.e., di-n-octyl phthalatejhat is not currentlyrioritized forrisk

471 evaluation. HoweveEnvironment Canadilealth CanadéEC/HC, 2015concluded thadli-n-octyl

472 phthalate does not induce effects on the devegppiale reproductive system consistent with phthalate
473 syndromgEC/HC, 2015 Di-n-octyl phthalateis notdiscussedurther in this document.

474

475 When considering phthalates for grouping, EPA also considered how to address phthalate syndrome,
476 which is currently identified as the common adverse effegiaesof a CRA. EPA is proposing to focus
477 on the most sensitive effect(s) (as opposed to asgabsirsyndrome as a whole) (Sectibfh). As

478 described in Sectiof.2, empirical evidence frorm vivo phthalate mixture studies indicate that

479 phthalates induce effects on the developing male reproductive system in a manner consistent with dose
480 addition.Therefore EPA is proposing tasses®EHP, BBP, DBP, DIBP, DCHRand DINP for

481 cumulative risk to human health under an assumption of dose additiarh is consistent with the

482 recommendations of the NRC00§. EPA is considering the applicability of two componkased,

483 dose additive approaches, including the hazard index (HI) and relative potencyR&fprapproaches.
484 EPA considers there to be sufficient data available to support RPF derivation for DEHP, BBP, DBP,
485 DIBP, DCHP and DINP (Sectiod.3.3 and is proposing to use an RPF approadssesshese

486 phthalates for cumulative risEPA has identified six potential options that are being considered for
487 deriving RPFs for phthalates, which are described in SeétibA

488

489 To determine if the U.S. population is-egposed tanultiple highpriority and manufacturerequested

490 phthalates, EPA conducted a hilgivel review ofNational Health and Nutrition Evadtion Surveys

491 (NHANES) urinary biomonitoring data (Sectié?2). Available NHANES data demonstrate that the

492 U.S. population is cexposed to multiple phthalatescinding DEHP, BBP, DBP, DIBP, DINP, and

493 DIDP. Recent NHANES datarenot available for DCHPHowever, DCHFhas been identifieth be

494  usedin various industrial, commerciadnd consumer usesvered under TSCAased on exposure to
495 DCHP throughdentified TSCA uses, EPA anticipates there will beecgposure to DCHP and other

496 high-priority and manufacturerequestegbhthalates for certain populations and exposure scenarios
497 (Section3.2). These data qualitatively demonstrate that humans aegpmsed tdoEHP, BBP, DBP,

498 DI BP, DCHP, DI NP, and DI DP. EPAOGs peregppsareisd appr
499 outlined in &ction6.

500

501 Because the weight of evidence indicates that DEHP, BBP, DBP, DIBP, DCHP andtiiiNi®t

502 DIDP) are toxicologically similar and that the U.S. populai®noexposed to these phthalateser a

503 relevanttimeframe EPA is proposing to group these phthalates for CRA under TSCA.

504
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Step2i n EPAGs dr af t Fgore2leiptd ideatify papuatiomd with{ potentially
increased susceptibility to phthalate syndromeAs part of the individual phthlate risk evaluations,
EPA will conductconsumer, occupational, ageéneral population exposure assessmutithin these
populationspotentially exposedr susceptible subpopulations (PES&h greater susceptibility tthe
developmental and reproductive effects associatedphitialate syndrome, inclagregnant women
women of reproductive age, male infamgletoddlers, andnalechildren These PESS aproposed to
bet he f o c uappraeath foERACODDEHP, BBP, DBP, DIBP, DCHP and DINBection5).

Step 3 in EPAOs drFaird?2-lcisdoiderify TSCA COUstand ether (

potential sources of exposureSources of exposuracluding TSCA COUSs, nodattributable and non

TSCA sourceselevant to cumulative exposure and release will be identified using conceptual models in
individual phthalate scopes and literature reviews.

Step 4 in EPAOGs drFadra2-lcisexposarg dcanaritbuildmy tbreirdiviqual
phthalates for TSCA COUs.For identified TSCA COUs and populations, specific routes of exposure
and pathways for each exposure source are identified. Prior tovitlepi@ent of the phthalate CRA,
exposure scenarios for individual TSCA COUs and estimates of exposure will be completed in the
individual risk evaluationdetermination of ceexposure to multiple TSCA COUs or multiple
phthalates in a single TSCA COU wlileé completed in Step 7 of the conceptual model for consumers
(Section6.4.7), workers 6.4.2, and the general population (Sect@i.3.

Step5i n EPAOds dr aft FgoreZxleiptd build exposubedsahario§ of individual
phthalates for nonattributable and non-TSCA sources EPA is proposing to includeothnon
attributableand norRTSCA exposure as part of the phlate CRAbecause certain nenSCA (e.g.,
dietary) and nosattributable €.g.,householdus) exposure pathwayare anticipated to be major
contributors tgphthalate exposuteadingto cumulative risKdiscussed further in Secti@?2.2. The
Agencyis considering twapproachesor estimating norattributable and neiiSCA phthalate
exposureincluding a scenaribased approach (Sectiér8.2.) and a reverse dosimetbased approach
(Section6.3.2.3. Because the reverse dosimetppeoach using biomonitoring data such as NHANES,
does not distinguish between routes or pathways of exposure and does not allow for source
apportionmentit provides an estimate of total neattributable phthalate exposuMHANES datamay
reflectexposure from TSCAnonattributable and other noiTSCA sourcesbut exposures from TSCA
COUs cannohecessarilype source apportioned\s describedn Section6.3.2.5 EPA isproposing to
estimate nosattributable and neiiSCA exposurgfor DEHP, BBP, DBP, DIBP, DCHRnd DINP

from major exposure pathways using a scerbai®ed approacihereverse dosimetry approach, which
does not allow for source apportionment, may be used to help characterize phthalate exposure and serve
as a comparator for scenabased intake estimatése., help contextualize whether scenabiased
estimates are asver or underestimation of total exposyure

Stes6and7 n EPAG6s dr aft FgoreZleapetoudantify magpdpathways of
exposure (Sep 6) and determine thdikelihood of phthalate co-exposure (Step 7)As shownin
E P A draft conceptual modeF{gure2-1), EPA is proposing tasses®ESS who areonsumers
(Section6.4.]), workers(Section6.4.2), and fenceline communities part of the general population

! Condition of use (COU)I5 U.S.C. §2602(3): fAmeans the circumstances, as deter
a chemical substance is intended, known, or reasonably foreseen to be manufactured, processed, distributed in commerce,
used, or disposed of. o
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(Section6.4.3 for cumulative risk from exposute DEHP, BBP, DBP, DIBP, DCHP, and DINP
through TSCA COUSEPA proposes to identify major pathways of exposure and likelihood of co
exposure tahesephthalates through various pathways for combiningstomate cumulate exposure to
identified PESS(Steps 6to 7 in conceptual model)

1 Major pathways of exposure for individual phthalates are combined to estimate aggregate
exposureand can be considered exposures attributable to TSCA COUsjtibaitable, or non
TSCA

1 To estimate cumulativexposurgo consumers (Sectidh4.1), EPA proposg to combine the
nontattributable and neif SCA exposurs acrosphthalats with exposurdrom individual
consumer COUsas reasonahl®eterminingreasonable cumulative exposure scenarios may
involve consideringhelikelihood of co-exposurethe possibilty of doublecounting and of
over or underestimating exposures.

1 To estimate cumulativexposurego workers (SectioB.4.2, EPA proposes to combine the non
attributable and nefm SCA exposurevith cumulative occupationa&xposurdrom TSCA COUs
in a work settingas reasonahle

1 For cumulativeexposureo the general populations, specificalnceline communities (Section
6.4.3, EPA proposes estimating cumulative exposures from single or multiple facility releases to
ambient aimndbr waterand combining with noiattributable and neTSCA exposureas
reasonable

1 EPA recognizes thaomeindividuals may be part of multiple populatiossd may require
additional combinations of exposuré®r examplecombining occupational exposures with
consumer exposuresdfenceline exposurder workers who use consumer products at home
andwho live near the fenceline of a faciliyith phthalatereleases

Steps8t010i n EPAOGs dr aft FgoreXxleapetowc@vert imdividuallphthalate
exposure estimates to index chemical equivalents using RPFs (Step 8), and then to combine
exposures to estimate cumulative exposure (Step 9) and cumulatitisk (Step 10) Because EPA is
proposing to use an RPF approach (Secati@r3, exposure from individual phthalates for each

exposure scenario Wibe scaled to the potency of an index chemical and expressed as index chemical
equivalens (Step 8in conceptual modelwhich will then be summed to estimate cumulative exposure
for each exposure scenaexpressed asdex chemicaéquivalent} (Step 9in conceptual model)
Cumulative risk may then be estimated using a margin of exposure (MOE) ap(8eatibn4.3.3

(Step 10in conceptual model)

EPA is soliciting comments from the SACC on charge questions and comments from the public for the
SACC meetingscheduled oMay 8 11, 2023.
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1 BACKGROUND

In December 2013he U.S. Environmental Protection Agen&PA or the Agency)lesignated butyl
benzyl phthalate (BBRZhemical Abstracts Service Registry Nump@ASRN] 85-68-7), dibutyl
phthalate (DBP, CASRN 844-2), digyclohexyl phthalate (DCHP, CASRN &1-7), direthylhexyl
phthalate (DEHP, 1181-7), anddi-isobutyl phthalate (DIBP, CASRN &-5) as highpriority
substancefor risk evaluatiorunderthe Toxic Substances Control AGISCA) (U.S. EPA, 2019)x, d,
e, ). Additionally, on May 24, 2019, EPA received requests from industry, pursuant to 40 CFR 702.37,
to conduct risk evaluains for diisodecyl phthalate (DIDP, CASRNs 267600 and 6851519-1)
(ACC HPP, 2019gand dtisononyl phthalate (DINP, CASRNs 285%23-0 and 6851%18-0) (ACC
HPP, 2019h The Agencydetermined that the requests met the applicableatmyylcriteria and
requirements, as prescribed under 40 CFR 702.37, and granted the manufegtiested risk
evaluationgor DIDP and DINP on December 2, 2019. dx& of thdirst stefsin the risk evaluation
process, EPA published the final scope doents for BBRU.S. EPA, 2020p DBP (U.S. EPA
20209, DCHP(U.S. EPA, 2020r DEHP(U.S. EPA, 2020) andDIBP (U.S. EPA, 2020cin August
2020, fulfilling TSCA requirements under TSGAction 6(b)(4)(D) and as described in 40 CFR
702.41(c)(8). In August 2021, EPA published the final scope documents for(DIBPEPA, 2021p
and DINP(U.S. EPA, 2021k

During the public comment periods for ttieft scope documentdor the highpriority phthalates and

phthalates subject to manufacturequested risk evaluatipEPA received comments from multiple
stakeholders urging the Agencyassesphthalates for cumulative risk to human heaftfiRecognizing

that human exposure to phthalates is widespread and that multiple phthalates can disrupt development of
the maé reproductive system in laboratory animals at potentially human relevantidd@®, EPA

asked the National Research Council (NRC) of the National Acadé®cience (NAS; now National
Academies ofciences, Engineering, and Medicine [NASERbform a committee toeview the health

effects of phthalates and determine whether a cumulative risk asse@SRANDf phthalatess
appropriateAdditionally, EPA asked the NRC to provide recommendations on specific approaahes
couldbe used tasses phthalates for cumulative risKlRC published theifindings and

recommendations to EPA in a 2008 reginthalates and Cumulative Risk Assessment: The Tasks
Ahead(NRC, 2008. Ultimately, the NRC concluded that As
the cumul ative ri sk [@HOgNRSEAOFH.t of phthal ateséo

In 2010 and inresponse tthe NRC recommendations, EFAs  Odf Researeh and Developmént
Integrated Risk Information SysteiiRIS) Program convenedzday peer consultation workshdp
discuss and evaluate th&kN recommendation®\s summarized in the final worksp report(U.S.

EPA, 201), there wasroad supponby both expert panelists and stakeholdersontinue developing a
cumulative hazard assessment

Other regulatory agencid¢mveassessd phthalates for cumulative risknce NRC published their
recommendation€NRC, 20098 including theChronic Hazard Advisory Panel (CHAP) of the U.S.

2 For examplesee comments submitted to the DEHP Dockét4-HQ-OPPT20180433 received from the Environmental
Defense FundgPA-HQ-OPPT201804330033), Environmental Protection NetworkPA-HQ-OPPT201804330029,
ProjectTENDR (EPA-HQ-OPPT201804330049; and University of California, San Francisco Program on Reproductive
Health and the EnvironmerEPA-HQ-OPPT201804330013.

3 For examplesee comments submitted to the DINP Docke® A HQ-OPP 20180436 received from University of
California,San Francisco Program on Reproductive Health and the EnvironaieftH{Q-OPPT201804360009);
Environmental Protection NetworlEPA-HQ-OPPT201804360026); Earthjustice EPA-HQ-OPPT201804360028
EPA-HQ-OPPT-201804360033; and Defend Our Health, Black Women for Wellness, Alaska Community Action on
Toxics and Breast Cancer Prevention PartriePA(HQ-OPPT201804360042).
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Consumer Product Safety Commiss{@hS. CPSC, 204 Environment and Climate Change Canada,
Health CanadéECCC/HC, 202) the National Industrial Chemicals Notification and Assessment
Scheme (NICNAS) of Australi@NICNAS, 2015a2014gb, 2013 2012); the European Food Safety
Authority (EESA, 2019, and the Danish EPE&CHA, 201). Although the phthlate CRAs conducted

by these regulatory agencies vary in scope and regulatory purpose, they generally adiR€re to
recommendatiag(NRC, 200§. For example, the CRAs primarily foswnassessg phthalates based

on their shared ability to disrupt development of the male reproductive system through a disruption of
androgen actiofi.e., causephthalatesyndrome) andhave all relied upon an assumption of dose
addition(seeAppendicesA.1 to A.5 for summaries of phthalate CRAs condudbydheseagencies

1.1 What Is EPA Proposing in thisWork?

As required under section 6(b)(4) of TSCA, EPA issued a final Putezedures for Chemical Risk
Evaluation Under the Amended Toxic Substances ContrBA&R 33725 ( her ei nafter A

Evaluation Ruleo), in July 2017, which provides
including for chemicals designated as Highority Substanceand chemical substances subject to a
ManufacturefRequested Risk Evaluatioho dateEPA6s Of fi ce of Pol l uti on

(OPPT) hasfocusedrisk evaluation®nindividual chemical substancemt the evaluation ahultiple

chemical substansdor cumulative risk to human heal#SCA does not define cumulative ris&r

explicitly require EPA to conduct CRAElowever, TSCA does equire EPAwhen conducting TSCA

risk evaluationsto (1) considerthereasonably available informatipf2) usethe best available science

and(3) make decisionbased on the weight ttie scientific evidence [15 U.S.®.2625(h), (i), (k)].

EPA is also required to conduct the risk evaluations in consideration of pdyessjabsed or

susceptible subpopulations (PESS) [15 U.S.C. § 2605(b)(4)] and, among other requirements at 15 U.S.C.
A 2605(b)(4)(F), fAintegrate and assess availabl
of use of the chemical substanced | udi ng i nformation that IERATrel e
recognize that for some chemical substances undergoing risk evaluation, the best available science may
indicate that the development of a CRA is appropriate to ensure thatfriskgy to human health and

the environment are adequately characteriaitiough EPAIs required taraftindividual risk

determinationgor eachindividual phthalate risk evaluation, the phthalate CRA malicontain a risk
determinationinstead, resuls from t he CRA are anticipated to |
determinations, pending completion of the CRA in parallel with individual phthalate risk evalu&tions.
support CRAof chemical substancesidegoing TSCA section 6(b) risk evaluationEPA has

developedh documentitled Draft Proposed Principles of Cumulative Risk Assessomatdr the Toxic
Substances Control Atltereafter referred to d3raft Proposed Principles of CR&der TSCA.EP A6 s

Draft ProposedPrinciples of CRAunder TSCAdocument describes tipeoposedrinciples of CR,,

which form theunderpinninggf EP AG6s dr af t ap p r-priaricyland manufac@QrerA of hi
requested phthalates.

The Agencyhas reviewed the recommendations of the NRI8, comments received from
stakeholdersn the draft scope documelfsee footnotesr Sectionl), andCRAs conducted by other
regulatory agencigseeAppendicesA.1to A.5). Based on this information, EPA believbe best
available science indicates tismtverahigh-priority andmanufacturerequested phthalates should be
assessetfbr cumulative risk to aman health.

As part of conducting a risk evaluation under T
chemical substance presents unreasonable risk of injury to health . . . including an unreasonable risk to a
potentially exposed or susceptible sopplation [(PESS)] identified as relevant to the risk evaluation by

[ EP A] [15US.C. 2606(b)(4)(A]. EPA has identified phthalate syndrome as a specific risk from a
number of the phthalates undergoing risk evaluafitve. Agencyhas also identified a number of PESS
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that have a greater susceptibility to phthalate tocitycluding pregnant women/women of

reproductive age, male infantaaletoddlers, andanalechildren (discussed in Secti&jh Due to

toxicological similarity, shared ability to elicit key markers of phthalate syndrome, aexposures to

multiple phthalateso the aforementioned PESS (one of the factors laid ds¢ation3.4 of theDraft

Proposed Principles of CRA under TSICEPAIs proposinghat a subset of the phthalates undergoing

risk evaluation representcamulative chemical group, amigiat a cumulative risk assessment is

necessary to ensure that individual riskleations on the phthalates in #hemulative chemical group

have considered the reasonably available information, are consistent with the best available science, and
based on the weight ttie scientific evidence (15 13.C. 2625(h), (i), & (k)).

Thisdaft document describes EPAOGs proposed approa
chemical group focumulative risk to human health under TSGAh e pht hal ates 1 ncl u
proposed CRA are limited, at this time, to those undergoingualkiation under TSCA and are

inclusive of the phthalates that have been most commonly considered for CRA by other agencies (see
Appendix A).

This documentlescribe€ P A draft proposedapproactfor assessg high-priority and manufacturer
requested phthalates for cumulative risk to human health undek B&§2d on the principles of CRA
described inthe Draft Proposed Principles of CRénder TSCA. The proposed approach described in

this documentollows many ofthe recommendatiomaade byNRC (2009. Individual phthalate risk
evaluations will consider exposures from a single phthalate and will include evaluation of all observed
hazards, consideration of more age groups and lifestaiggsissessment of aggregate exposures. In
contrast, the scope and purpose of CRAs are more focused on the shared toxicological properties and
relevant lifestages. In addition, cumulative exposure assessment is more complicated due to combining
exposures@oss multiple phthalates.

At the date of publication of this documeBRA ha notyetcompletedall the expectedystematic

review or data quality evaluatidar theindividual high-priority and manufacturerequested phthalates
Althoughthis document is not reflective obmpletesystematic revienEPA hageviewed several key
documents prepared by various authoritative baaielsegulatory agencieglong with numerous

studies and databaseftoxicological and exposutiaformation.As appropriateE PA6s pr oposed
approach may be revised based on any new information that is identified through the systematic review
processSome keydocuments used to develop this proposed apprioatiide

1 Phthalates and Cumulative Risk Assessment: The Tasks Atiead 2009

1 Application of Systematic Review Methods in an Overall Strategy for Evaluatinsev
Toxicity from Endocrine Active Chemic&lsASEM, 2017

1 Report to the U.S. Consumer Product Safety Commission by the Chronic Hazard Advisory
Panel on Phthalates andhbhalate AlternativegU.S. CPSC, 204) andsupportingtoxicity
reviews é DEHP (U.S. CPSC, 2010¢BBP(U.S. CPSC, 2010aDBP (U.S. CPSC, 2010b
DIBP (U.S. CPSC, 20)1DCHP(U.S. CPSC, 2010eDINP (U.S. CPSC, 201)fandDIDP
(U.S. CPSC, 201Qd

1 Screening Assessment, Phthalate Substance Gro(ipEigC/HC, 202Pandsupporting reports
(EC/HC, 2015ab, c, € Health Canada, 20)5

9 Existing Chemical Hazard Assessment Reports for IBENAS, 2008) and DEHP
(NICNAS, 20083 andPriority Existing Chemical Assessment Repddr BBP(NICNAS
20153, DBP(NICNAS, 2013, DINP (NICNAS, 2013, DIDP (NICNAS, 2015
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1 Update of the risk assessment ebdtylphthalate (DP), butytbenzylphthalate (BBP), bis(2
ethylhexyl)phthalate (DEHP), @6ononylphthalate (DINP) and diisodecylphthalate (DIDP) for
use in food contact materiag{fEFSA, 2019

This draft documentalong with theDraft Proposed Principles of CR#der TSCAwill be reviewed
by theScience Advisory Committee on Chemicg@ACC) and receive public comments2023 EPA
will use the peer review and public input to guideshbsequendevelopment of the CRA for
phthalates.
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2 KEY CONCEPTS AND PROPOSED CONCEPTUAL MODEL

Individual phthalate risk evaluations will consider exposures fxa@imgle phthalate and will include
evaluation of all observed hazards, consideratiall@ge groups and lifestages, and assessment of
aggregate exposurds.contrast, the scope and purpose of CRAs are more focused on the shared
toxicological propertts and relevant lifestages. In addition, cumulative exposure assessment is more
complicated due to combining exposures across multiple phthalaeefore EPA has provided some
definitions to key concepts relevant to CRAs in Sec2drand developed draft conceptual model
describedn Section2.2and shown irFigure2-1 to outline its proposed approach for estimating
cumulative risk to several of higtriority and manufacturerequested phthalates

2.1 Key Concepts

1 Cumulative chemical group: A group of chemical substances indhain a CRA As discussed
i n E PréftPsoposed Principles of CRAnder TSCA the cumulativechemical groups
developedased orevidence otoxicologicsimilarity andco-exposure over a levant
timeframe

1 Co-exposure Characterizing cexposure requires consideration of the source of chemical
exposure, populations impacted by exposure, and the possible varying routes and pathways of
exposure. Additionally, the magnitudegquency, and duration of exposure to multiple chemical
substances influence the potential foresgposure to occur within a given period of tineeg(,24
hours,1 year, a lifetime); where the magnitude of exposure is the level of exposure dictated by
the physical and chemical properties of the chemical substance and exposure scenario, frequency
is the number oéxposure events over a given time, and duration is the length of exposure time
per even{OECD, 20.8; U.S. EPA, 200

1 Relevant timeframe of exposureTimeframes in which exposure duration or frequency is
relevant to effects of concern. This can include,rbay not be limited to, exposure to multiple
chemicals at the same time, exposure to persistent chemicals at different times that may
bioaccumulate in the body or having persistent effects from exposure to multiple chemicals at
different times. Relevant tieframes of exposure can vary by factors includimg not limited
to, chemicalpropertieslifestages, or effect. Relevant timeframes of exposure for phthalates will
be determined through the risk evaluation process.

1 Relative potencyfactor: A numerical gantity used to scale the dose of chemicalto an
equitoxic dose of another chemical based on differences in potéHogskatter chemical is
typically termed théindex chemical and is usually the chemicial thecumulativechemical
groupwith the most robust toxicological database and/oorissideredo be the most
representative of the type of toxicity caused by other chemicals in the cumulative chemical group
(U.S. EPA, 2000

f Scenario-based evaluation* Estimates thatise aailable information oroncentrations of
chemicals in the exposure mediwand information about when, wheend how individuals
might contact the exposure medi@mctivities that can lead to transfer of the agent from the
exposure medium to the individu@épproach develops specific exposure scenarios and then
uses data, a series of exposure factors, and models to estimate exposure within thgdcenario
EPA, 20194

‘Referred to as i n dGuidetinegforelsman Exposuie Assessniard. EPAA D59k
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1 Reverse dosimetry:Estimateschemicalintakeusing empirical biomonitoring data and
information about chemical absorption, distribution, metabolism, and excretiorjWafeE£PA,
20193.

1 TSCA COU exposure® Exposurethat can be attributed to a specifiSsCA COU(e.g,
inhalation exposure duringpnsumense ofanadhesive)Notethat exposure scenarios for
TSCA COUs will becompletedn individual phthalate risk evaluations and evaluated for
differentpopulationssuch as consumemsprkers and general population.

1 Non-attributable exposure: Exposure from pathways that cannotdbgibuted to a specific
TSCA COU or another specific sour¢tousehold dusbr human milk are a few examples in
which phthalate concentrations measured in those media may result from multiple sources of
phthalateshat may nor may not be attributed to @0A COU or another specific source

f  Non-TSCA exposure® Exposurethat can bettributedto specific activities that arexcluded

from the TSCA def i ni pundenTSGAsectidre3Resuch asa | subst a

pesticide, food, food additive, drug, cosmetic, or medical device.

2.2 Proposed Conceptual Model

EPA has developed a conceptual model to outline its proposed approach for estimating cumulative risk
to several of the higpriority and manufacturer e quest ed pht hal at es. EPAOGSs
which is shown irFigure2-1, outlines10 proposed steps for conducting a phthalate CRA under TSCA
using a scenaribased approacihe conceptual model provides illustrative steps that may not be
inclusive of all detad, such as appjopulations or alpathways of exposure, to be considerednactual
cumulative assessmefithe remainder of this document is structured around this draft conceptual
model.Some steps are described in greater detail in the document Wiats cequire risk evaluation

work to be conducted to be developed further.

The steps included in the conceptual madelprovided below

1 Step 1. Identifyingthe Cumulative Chemical Group: Identified based on a shared ability to
elicit key markers of phthalate syndrome and evidence of humarxcp o sur e. EPAOGS
cumulative chemical group includes DEHP, BBP, DBP, DIBP, DCHP, and DINP (S8c3)on

1 Step 2.Populations. EPA will conduct consumer, occupational, and general populéign
fenceline)exposure assessments for each individual phthalate. The key popaations
considered in thesexposure assessments include consumers, workers, and the general
population. Within these groups, there are P88 increased susceptibility the
developmental and reproductive effects associated with phthalate synarododing pregnant
women/womerof reproductive age, male infants, male toddlers, and male ch{diesoribed
further inSectionb).

Condition of use (COU) (40 CFR A 702.33): fdimeans the ci
chemical substance is @rtdded, known, or reasonably foreseen to be manufactured, processed, distributed in commerce, used,
or disposed of. 0

5TSCA section 3(2) also excludes from the definition of
device (as sucletms are defined in section 201 of the Federal Food, Drug, and Cosmetic Act [21 U.S.C. 321]) when
manufactured, processed, or distributed in commerce for
fany pestici dé&edéra lnsedicde, iFungicile, and Rddéntcide Act [7 U.S.C. 136 et seq.]) when
manufactured, processed, or di s Sectiorb22R efe@ach final scaperdoamentdor f o r
BBP (U.S. EPA, 2020 DBP(U.S. EPA, 2020y DCHP(U.S. EPA, 2020 DEHP(U.S. EPA, 2020 DIBP (U.S. EPA,

20209, and DINP(U.S. EPA, 2021coutline the uses of each phthalate that EPA has determined to J&a@#nuses.
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Step 3. Identify TSCA COUs and Other Sources of Exposuré\fter gathering the specific

COUs for each phthalate from their individuzk evaluatiorscope documents, the cress

chemical comparisons are used to establish the COUs likely to resulexposure to multiple
phthalates under TSCA (Secti6r2.]). Other sources of exposure that are not considered TSCA
COUs mayalsobe identified as major sources of exposure for the identified populations through
a review of the literature.

Step 4. Exposure Scenariduilding for Individual Phthalates for TSCA COUs: For TSCA
COUs andhopulations specific routes of exposure and pathways for each exposure source are
identified Exposure scenarios for individual TSCA COUs and estimates of exposure will be
completed in the individual risk evaluatio¥eterminatios on tle likelihoodof co-exposure to
multiple phthalates in multipl@d SCA COUs or multiple phthalates in a single TSCA COU will
becompletedn Step 7of the conceptual mod&r consumes (Section6.4.1), workers(6.4.2),

and the general populatipspecifically fenceline communiti¢Section6.4.3.

Step 5. Exposure Scenariduilding for Individual Phthalates for Non -Attributable and

Non-TSCA Sources:For identified sources of exposure (rattributable or noiTSCA) and
populatiors, specific routes of exposure and pathways for each exposure source are considered.
Exposure scenarios are considered for major sources of exposure and exposure is estimated for
the various pathways of exposure. Scenhtiibding to estimatenontattributdble and noATSCA
exposuress discusseth Section6.32.1

Steps 6to 9. Determining Cumulative Exposure EstimatesCumulative exposure potentially
assessed und&SCA may be estimated by combining exposures from major exposure pathways
from TSCACOUs nonattributable, and nemSCA sources that may lead to-egposure over a
relevant timeframewhich can mean exposure to multiple chemicals at the same time, exposur
to persistent chemicals at different times that may bioaccumulate in the body, or having
persistent effects from exposure to multiple chemicals at different.tithésprocess involves:

o0 Step 6. Identifying Major Pathways of Exposure:Determining the mayr pathways of
exposure fronTSCA COUs(completed in individual risk evaluations), rattributable,
and noRTSCA sourcesor each phthalateifferent pathways of exposure may be
relevant for differenpopulationsand for different phthalateBor examplethe human
milk and formulafed pathway aremost relevant for infant scenatwilding, while
mouthing may be most relevant to infants and toddMagor pathways of exposure for
individual phthalates may be combined at this step to estimate aggnegasere.

0 Step 7. Determining Ceexposure Determining likelihood of ceexposure across TSCA
COUs, norattributable sourcesind noRTSCA sourcesor the various phthalates
Estimating the exposure associated with the consumer (Séctidy) occupational
(Section6.4.2, and general populatigfenceling (Section6.4.3 TSCA COU exposures
and adding these exposures across COUsamsdgphthalates if reasonable.
Determining reasonable cumulative exposure scenanay involve considering the
likelihood of ceexposure, the possibility of double counting, and of -ceeunder
estimating exposures

o Step 8. ConvertExposures tol ndex Chemical Equivalents. BecausdEPA is proposing
to use an RPF approach (Sectb8.3, phthalateexposure froneachindividual
phthalate will be scaled to tip@tency of an index chemicahd expressed in units of
index chemical equivalents.

o0 Step9. Estimating Cumulative Exposure Combining the TSCA COU or release
cumulative exposure, the relevant retttributable TSCA cumulative exposure, and the
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846 nonTSCA cumulative exposure to estimate cumulative exposure in a reasonable manner
847 for consumer (Sectio6.4.1), occupational (Sectiod.4.2, and general population

848 (Section6.4.3.

849 1 Step 10. Estimate Cumulative RiskTo estimate cumulative risk for each specific exposure

850 scenario, an MOE (ratio of index chemigaint of departureHOD] to cumulative exposure

851 estimate expressed in index chemical equivalStep 9) is calculated focomparison to the

852 benchmark MOEi(e., the total uncertainty factor associated with the assesys®&dtion

853 4.3.2. The lower the MOE (margin between the toxiaffect level and the exposure dose), the
854 more likely a chemical is to pose a risk
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Population exposed to environmental
releases

Consumers using Workersin

products and articles facility
Among fenceline

communities:
o)

BBP  DBP  DCHP  DEHP  DIBP  DINP BBP  DBP DCHP DEHP DIBP  DINP
TSCACOL)

Exposure not attributable to a Exposure to phthalates from

.

Consumer COU(s) Occupational COU(s) GenPop COU(s) S
Pathways may include Pathways may include Pathways may include but specific source. Pathways may non-TSCA sources may
but are not limited to: but are not limited to: are not limited to: include but are not limited to: include but are not limited to:
' ) I )

Indoor air
Ambient air

Indoor air

Ambient air Mouthing

% f Indoor air Indoor air
Inhalation -

m Direct contact
Mouthing

Direct contact

Dermal contac

s

O
8

Liquid contact

Human milk

=

Human milk

Dermal Direct contact

Liquid contact
Mist

Dermal contact

Liquid contact

Figure Continued on Next Page
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856
Figure Continued from Previous Page
~ BBP DBP DCHP DEHP DIBP  DINP > Identify pathways that may lead to co-
» Determine relative importance of scenarios and need for exposure )
inclusion for each individual phthalate » Consider timeframe of exposure . DBP
» Consider probability of co-exposure  pcHp
TSCA COU(s) Non-Attributable Sources . DEHP
. e
Non-Attributable Sources EEEN
(" Dust | ~ BBP o Non-TSCA Sources

Non-TSCA Sources = & =

Diet - DEHP o - DCHP

: - DIBP - DEHP

i - DINP BCT

- DINP

|
TSCA COU(s)
+ —_— Index chemical
i ndex chemical POD
- . Non-Attributable Sources MOE = -
Index chemical equivalents = _ Cumulative exposure
ExposurePhthalate 1 X RPFPhthalate 1 +
Non-TSCA Sources
857

858 Figure 2-1. Cumulative Risk Assessment Conceptual Model
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3 CONSIDERATIONS FOR GROUPING PHTHALATES FOR CRA :
STEP 1 IN CONCEPTUAL MODEL (Figure 2-1)

As descr i Deafl PraposedPingifles of CRénder TSCAthere are two primary
considerations for grouping chemicals for inclusion in a CRA, including (1) toxicologic simikrdy

(2) evidence of cexposure over a relevant timefrarfkggure3-1 presents a decision trém
determiningwhich of the high-priority (DEHP, BBP, [BP, DIBP, DCHP) and manufacturerquested
(DINP, DIDP)phthalats currently undergoing risk evaluatiom group for CRAThe establishment of
cumulativechemical grou(s) for purposes of CRAs developed using a weight of evidence narrative

that clearly characterizes the strengths and uncertainties of the evidence of toxicological similarity and
potential ceexposure for each chemical conside@ddencesupportingthe toxicologic similarity of

the high-priority and manufacturerequestegbhthalatess discussed irsection3.1, evidence

demonstrating cexposure of humans the high-priority and manufacturerequestegbhthalates is
discussedn Section3.2 and EPAOGs proposed chemical substan
Section3.3

High-priority (DEHP, BBP, DBP, DIBP,
DCHP) and manufacturer-requested

phthalates (DINP, DIDP)

Hazard Filter No
Does the phthalate cause effects -
consistent with phthalate syndrome?

Yes

Exposure Filter
Evidence Otfh Is there evidence
exposure in the I ———
U.S. through and/ oe

occurrence or co-
industrial, or

commercial, or
consumer uses?

exposure in the
U.S. population?

Yes

Exposure Tlmeframe Filter
Is there evidence that exposure is occurring Né
over a relevant timeframe in the US
population?

Yes

Include

in CRA

Figure 3-1. DecisionTree for Grouping Phthalates for CRA
Adaptedfrom (EC/HC, 2015a

3.1 Evidence of Toxicologic Similarity

As descr i Deafl PraposedPimbigies of CRénder TSCA evidence fotoxicological
similarity exists along a continuum and includes (from most to least informative/restrictive):
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879 1 identical toxicodynamicd.€.,same mode of actigtMOA]) (same molecular initiating event
880 [MIE], downstream key events, and apical outcdme

881 1 similar toxicodynamics€.g.,similar MOA [different MIE, convergent toxicodynamic pathways
882 leading to a common downstream effect, and same apical oJjcome

883 1 shared syndrome;

884 1 shared apical outcome (MIE and other key events unknown);

885 1 effect on the sam&rget organ;

886 9 structural similarity; and

887 1 similarly shaped doseesponse curvaa comparable toxicity studies

888 In considering which chemicals to include in a CRA, the NR@3 concluded thafi éhe effects that
889 makeuptheandroggnn suf fi ci ency syndromeo should be incl
890 chemical structurd n par t , NR G@nwasrbasedomtheeavatdahilityiofvivomixture

891 studies of phthalates and other antiandrogens withdhd@As that provide empirical evidence

892 demonstrating the applicability of dose additive mo@€l3C, 200§. However, NRC alsemphasized
893 thatmechanism of action data is still desirable for defining critical pathways, determining human
894 relevance of observed effects, and reducing uncertainty in risk esfimat

895

896 Although NRC(2008 focused on the antiandrogenicesfts of phthalateshe committee acknowledged
897 that other health effects of phthalates may also be important. For example, liver toxicity, female
898 reproductive toxicityand neurodevelopmental outconmese also been observiedlowing exposure to
899 some phthlategas discussed I(ATSDR, 2022 EFSA, 2019U.S. CPSC, 201). Further stakeholders
900 have urged EPA to considassessg phthalates for cumulative risk basedraot just their

901 antiandrogenic effectsn the male reproductive systebut alsoconthegrowing epidemiologic evidence
902 of adverse neurodevelopmental outcorfse® Project TENDR and EarthJustice comments cited in
903 footnotes inSectionl). EPA will consider these and the other health effects of phthalates as part of the
904 individual phthalate risk evaluations. Howeven, thesehealth effectsdataappeamore limitedacross
905 thehigh-priority and manufacturerequesteghhthalate@ndeffectstend tooccur at higher doses than
906 observed foantiandrogenic effect$or examplewith the potential excepti@of DIDP andDINP,

907 recent phthalate risk assessments ltaveludedhat tre developingnalereproductive system is more
908 sensitive than the livdor most phthalate dieste(S8FSA, 2019. Thisis furthersupportedy a recent
909 systematic reviewf DIBP animal toxicology studiesondicted byEPA researchers in the Center for
910 Public Health and Environmental Assessment (CPHEAWD found only slight evidence for female
911 reproductive toxicity and liver toxicitiputrobust evidencéor DIBP-inducedmale reproductive toxicity
912 (i.e.,phthalate syndromé)ost et al., 201p Additionally, the Agency for Toxic Substances and

913 Disease RegistrfATSDR) recently identified neurodevelopmental effects in rodent models as a
914 sersitive outcome following acute developmental exposures to DERIBDR, 2023. However,

915 ATSDR also identifiedriconsistencies in the toxicological database and refrainedusorg this health
916 outcome as the basis of a minimal risk level duertcertainty in the databa&GeeAppendix A[p. A-9]
917 of (ATSDR, 2023 for furtherdetailg.

918

919 Additionally, EPA CPHEA researchers recently conducted a systematowawid metanalysis of

920 epidemiologic studiesf five phthalategi.e., DEHP, DINP, DBP, DIBP, BBRWwhichare also

921 undergoing TSCA risk evaluatipand concluded that there is limited evidence supporting an

922 association between prenatal phthalate expasuteneurodevelopmental outcomes such as cognition,
923 motor effects, behavioe(g.,attentiondeficit/hyperactivity disordefADHD]), infant behavior, and

924  social behaviord.g.,autism spectrum disordgifRadke et al., 2090

925
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Given the limitations and uncertainties discussiedve, EPA believes that the most rolveasisonably
availabledataset to support conducting a human health &RAased on phthalate syndronaher

health effects of the higpriority and manufacturerequested phthalates will be evaluated as part of the
individual phthalate risk evaluationsollowing completion of systematic revidar the individual
phthalatesEPA may consider whether angw information would change this conclusion. Notably,
EPAOGs pr op o ghadhardad abilifiobpbtiatateso disrupt androgen action and cause a
common syndromé.e., phthalatesyndrome)s consistent with the recommendations of the NR@3

and with how other regulatory agencies.(U.S. CPSC, Australia NICNAS, EFSA, Danish ERAd
Health Canadahave evaluated phthalates for cumulative risk to human hHealAppendix A).

The remainder oBection3.1is organizeds follows:

1 Section3.1.], Phthalate Syndrome Mode of Action (MQAsyovidesa summary of the current
state of the science regarding greposedVOA for phthalate syndrome.

1 Section3.1.2 Key Outcomes for Groupingigh-Priority and ManufactureRequested
Phthalates for CRAprovides alescriptionof the key outcomeassessd by EPA to support the
proposedccumuative chemicalgroupfor CRA.

1 Section3.1.3 Key Outcomes Datgrovides a summary of data available for each ohtple-
priority and manufacturerequesteghthalatesinderlyingthekey outcomes that EPA is
evaluating to support theoposed:umulativechemical group for CRA.

1 Section3.1.4 Phthalate Syndrome in Humampsovides a summary of mechanistic explant and
xenograft gtdies investigating phthalate syndrome in human fetal testis tissweithines
several recent systematic reviews of human epidemiologic seexhesiningeffects on the male
reproductive system.

1 Section3.1.5 Species Differences in Sensitivifyrovides a summary of differences in species
sensitivity to phthalatenduced male reproductive toxicity.

1 Section3.1.6 Data Integration and Weigbf Evidence Analysipr ovi des EPAGOsS we
evidence narrative to support development ofimulativechemical group for CRA.

1 Section3.1.7, Proposed Conclusions on Toxicologic SimilayggmmarizeE PAS6 s pr opos e
conclusions on the toxicological similarity of thgh-priority and manufacturerequested
phthalates.

3.1.1 Phthalate Syndrome Mode of Action (MOA)
As can be seeinom Figure3-2, DEHP, DBP, BBP, DIBP, DCHP, DINP, and DIDP are structurally
related ortho phthalate diesters with varying length linear or branched alkyl or arghesiesy.
Gestationabnd/or postnataxposure to certaistructurallyrelatedphthalates can lead sospectrum of
effects on the developing male reproductive systerawn agphthalate syndrom@hthalate syndrome
is characterized by both androggependat and-independent effects on the male reproductive system.
TheMOA for ratphthalate syndrome has been discussed by various organiZatieasM, 2017
NRC, 2008, regulatory agencigéiealth Canada, 2018.S. CPSC, 20J4and other research groups
(Gray et al., 2021Arzuaga et al., 202MHowdeshell et al., 20)7To date, the MOA underlying
phthalde syndrome has not been fully establistiexlvever, key cellular organ, and organisrtevel
effects are generally understodtigure3-3). Nevertheless, the moleaulevents preceding cellular
changes remain unknowAlthough adrogen receptor antagonism and peroxisome proliferator
activated receptor alpha activatibave been hypothesizedplay a role studies have generally ruled
out the involvement of these rgxters(Foster, 2005Foster et al., 20QParks et al., 2000
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Figure 3-2. Chemical Structures of Phthalates Being Evaluatedunder TSCA
Representative structuraseshown for DIDP and DINP, which are isomeric mixtures with branched ester carbon
backbones varying in length (discussed further in Seétibi2.]).

Studies have demonstrated that gestational exposeestminphthalate diesters, and theubsequent
hydrolysis to monoester metabolited)ich occur duringa critical window of developmerti.e., the
masculinization programming winddwan lead t@ntiandrogenic effects on the developing male
reproductive systeffNRC, 200§. In rats, the masculinization programming window in which androgen
action drives development of the male reproductive system occurs between days 15.5 to 18.5 of
gestationwhile the mouse critical window corresponds to gestatidays 14 to 16, and tireiman
masculinization programming window is between gestational week&®(kdaclLeod et al., 2010

Welsh et al., 2008 arruthers ané&oster, 200p

In vivo pharmacokinetic studies with rats have demonstrated that the monoester metabolites of DEHP,
DBP, BBP, and DINP can cross the placenta and be delivered to the target tissue, the fetal testes
(Clewell et al., 2013eClewell et al., 201) In uterophthalate exposureanaffectbothLeydig and

Sertoli cell functionn the fetal testedHistologic effects observed following phthalate exposure include
Leydig cell aggregation and/or altered tissue distribution, as well as reductions in Leydig cell numbers.
Functional effects on Leydig cells have also been reported. Leydig celespomsible for prucing
hormones required for proper development of the male reproductive system, includinglikesulin

growth factor 3 (INSL3), testosterone, and dihydrotestosterone ([HED)t et al., 2009 Phthalate
exposure during the critical window reduces mRNA and/or protein levels of INSL3, as well as genes
involved in steroidogenesisterol synthesjsand steroid and sterol transp(ftgure3-3) (Gray et al.,

2021 Hannas et al., 20)2

Gene array experiments have demonstrated that phthalates known to disrupt testicular testosterone
producton alter a distinct cluster of gen@Sray et al., 2021 Key genes in this cltsr are depicted in
Figure3-3 and includereductions in mRNA for proteinavolved in steroid hormone and sterol

transport carbl StAR; testis steroid hormone biosynthesyp11A1Hsd3h Cypl7Al1 Dhcr7);
testiculartestosterone angeptide hormon&\SL 3 syntheseslsl3); pituitary stimulation of Leydig cell
testosterone synthesishcgr); testis developmentr(ha); and mRNA for enzymeisivolved in adrenal
hormone synthesi®(g., Cyp11bICypl1b3. Decreasedteroidogenic mMRNA expressitends to
decreased fetal testicular testosterone producii®mell as reductions in DHT levels, which is
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produced fr om -redudasen he peripleraldissiey. Begduise DHT is required for
growth and differentiation of the perineum and for normal apoptosis of nipple anlage in male rats,
reduced DHT levels can lead to phenotypic chafigesnipple/areolae retentigiNR] and reduced
anogenital distanc@ AGD] in males)indicative of reduced Leydig cell function and androgen action.

Figure 3-3. HypothesizedPhthalate Syndrome M ode ofAction Following Gestational Exposure

Figure aapted from(Conley et al., 2021Gray et al., 2021Schwartz et al., 202 Howdeshell et al., 2037

AR = androgen receptpiNSL3 = insulin-like grownth factor 3; MNG=mu |l t i nucl eat ed= gonocyt
peroxisome proliferateactivated receptor alpha.

Gestational exposure to certain phthalate diesters can also affect Sertoli cell function, devetoment
interactions with germ cells contributing to seminiferous tubule degene(Btighelheide et al., 2009
Immature Sertoli cells secrete Aitllerian hormone and play an essential inlgonadal
developmenfLucasHerald and Mitchell, 2022 Reported Sertoli cell effects include decreased Sertoli
cell numbers, changes in mRNA and/or protein levels of genes involved in Sertoli cell function, and
altered cellular developmeand Sertoligerm cell interactiondBecausegroper Sertoli cell function is
necessary for germ cell proliferation and developnadtered Sertoli cell function can contribute to
increased germ cell death, decreased germ cell nunalperéncreased formah of multinucleated
gonocytes (MNGsjArzuaga et al., 2090

At the organ level, a disruption of androgen action can lead to reduced testes and asersgang
(e.g.,epididymis,seminal vesicl¢SV], prostate, etc.) weightgenesis chccessory organdelayed
preputial separation (PP$¢sticular pathologye(g.,interstitial cell hyperplasiapndsevere
reproductive tract malformations such as hypospadias. INStr8icial for gubernacular cord
development and the initialansabdominal descent of the testes to the inguinal régitiram et al.,
2000, while androgen action required for the inguinoscrotal phasietesticular descenthus,
reduced INSL3 and testosterone levels following gestational phthalate expospreeart
gubernaculum developmeamd testicular descent into the scrot@ollectively, these effects can lead
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